We present measurements of the distribution of the OH masers at 1665 and 1667 MHz towards the cometary ultracompact H ii region in the complex G34.310.2. The results are based on observations made in both senses of circular polarization with a very long baseline interferometry (VLBI) array having an angular resolution of 5 Â 20 mas 2 X 38 maser features are identified in the region. 33 of these lie on an arc at the edge of the cometary H ii region. Five are located in a cluster offset toward the north-east by 3 arcsec, and are probably associated with an independent ultracompact H ii region. There is a velocity gradient of 30 km s 21 pc 21 across the arc. We identify five Zeeman pairs and determine that the magnetic field varies between 1 and 7 mG, but is always directed away from the Earth.
I N T R O D U C T I O N
A large number of ultracompact (UC) H ii regions have been found to have cometary morphologies, since the discovery of the first such source, G34.310.2, by Reid & Ho (1985) . Wood & Churchwell (1989) suggested, on the basis of the large number of known UC H ii regions and their observed morphologies, that embedded OB-type stars are probably in supersonic motion relative to the ambient molecular cloud and have formed molecular bow shocks supported by stellar winds from their associated ionizing stars. The theory of stellar wind-supported bow shocks has been more fully developed by Van Buren et al. (1990) , who argue that momentum flux in the wind supports the ram pressure of the ambient medium. If the ionized gas around a newly formed OB-type star is not, in general, a spherical cocoon, possibly with punctures or blisters, and the OB-type central star is wrapped in a dense, stable molecular gas bow shock, then these stars may be much less destructive to molecular clouds than previously believed. These possibilities clearly are important for understanding the early evolutionary phases of OB-type stars, and it merits our attention to investigate the distribution and motions of molecular gas surrounding these young, massive stars. G34.310.2 contains a small cluster of UC H ii regions. It lies at a distance of about 3.8 kpc from the Sun, projected 40 pc from the supernova remnant W44. Very Large Array (VLA) maps with arcsecond angular resolution of the dominant source, G34.310.2C, show that it has a cometary shape with a head approximately 4 arcsec in size and a 20-arcsec tail trailing to the west (Reid & Ho 1985; Garay, Rodrõ Âguez & Van Gorkom 1986) . A single OB-type star, or possibly a cluster of OB-type stars, may excite the H ii region and be located at the focus of the parabolic arc describing the cometary shape of the nebula. In addition, there are two smaller H ii regions (denoted G34.310.2A and B) located a few arcsec to the east of G34.310.2C. Their Lyman continuum fluxes, inferred from the radio continuum emission, indicate that they are also associated with OB-type stars. A somewhat larger H ii region (named G34.310.2D) lies approximately 20 arcsec to the east of the cometary nebula (see Fey et al. 1992) .
The first investigation of the distribution of the OH masers towards the H ii region G34.310.2 was made with the VLA by Garay, Reid & Moran (1985) . They identified two OH maser clumps, one associated with G34.310.2C, and the other near component B. Gaume & Mutel (1987) also made arcsecondresolution VLA maps of the OH masers and the 15-GHz continuum emission associated with G34.310.2. They found maser spots in G34.310.2C in four subregions situated around the leading edge of the parabolic ionization front, where a molecular bow shock would be expected. If the masers are distributed in the shocked molecular gas outside an ionization front, then they should move away from the symmetry axis and along the bow shock. Accurate measurements of the positions and proper motions of OH maser features might establish whether or not the UC H ii region behaves in a manner expected for the bowshock model.
O B S E RVAT I O N S
The results presented here are first epoch observations in a longerterm proper motion study. The data were obtained with the US very long baseline interferometry (VLBI) network on 1987 February 28. The array consisted of four stations: the 43-m telescope of the National Radio Astronomy Observatory (NRAO) in Green Bank, West Virginia; one 25-m telescope of the VLA near Socorro, New Mexico; the 37-m telescope of the Haystack Observatory in Westford, Massachusetts; and the 40-m telescope of the Owens Valley Radio Observatory in Big Pine, California. See Reid et al. (1980) for a more detailed discussion of VLBI observations of OH maser sources. Fig. 1 shows the (u, v) coverage obtained with this array. The angular resolution in declination is about four times poorer than that in right ascension, as a result of the low declination (118 from the celestial equator) of the source.
We observed the OH emission in the 1665-and 1667-MHz transitions in both right-and left-circular polarization (RCP and LCP). The data in both senses of polarization at the two transitions were recorded simultaneously with Mk III VLBI terminals, employing four 125-kHz video bands at each station. All stations used hydrogen maser frequency standards. The observations were conducted as a repeated sequence, consisting of a 90-min scan onsource, followed by a 20-min scan on a continuum calibrator. A total of 6 h of on-source integration time was obtained.
The data were correlated on the Mk III processor at the Haystack Observatory. The processor yielded cross-correlation functions with 224 complex delay lags and autocorrelation functions with 112 delay lags for each integration period of 12 s. This configuration provided a spectral resolution of 0.20 km s 21 for uniformly weighted spectra.
The time-averaged data were transferred from the Mk III (A-tape) format into the SAO/NRAO VLBI format and calibrated with the spectral line VLBI analysis software (Reid et al. 1980 ). The calibrated data were then transferred from the SAO/NRAO format into the NRAO Astronomical Image Processing System (aips) format. Because mapping all spectral channels over the required large field of view was computationally prohibitive at the time, we first made a large map at the 1665-MHz transition in RCP, averaged over spectral channels from a local standard of rest velocity (V LSR ) of 49±65 km s
21
. After this coarse search to identify the regions of emission, seven subregions of 256 Â 128 pixelY where the pixel size was 1.5 mas east±west by 6 mas north±south, were selected for detailed mapping of the OH emission in the four bands. We Fourier transformed and deconvolved the data using the aips mx algorithm. The cleaned map of the strongest feature in the 1667-MHz LCP spectrum (at V LSR 58X9 km s 21 was used to`self-calibrate' (e.g. Schwab 1980) each of the spectral channels. The resulting synthesized beam was 20 Â 5 mas 2 (FWHM) with a position angle of 298 east of north. At a distance of 3.8 kpc, this is equivalent to a resolution of 76 Â 19 au 2 X The individual channel maps had an rms noise level of about 0.1 Jy beam 21 . Maser features were identified by the following criteria: the emission had to be detected at a level of greater than five times the rms noise level in individual channel maps, and it must have appeared in at least two adjacent spectral channels. A twodimensional Gaussian model for the intensity distribution was fitted to each of the features identified in these channel maps, and the position, size, and flux density of each feature was estimated.
The fringe rates of calibrators and of the OH maser feature at V LSR 58X9 km s 21 in the 1667-MHz LCP spectrum were used to solve for the absolute position of the reference feature. A leastsquares analysis was performed on the fringe-rate data from multiple baselines. The rms value of the 105 post-fit, fringe-rate residuals was 0.5 mHz. The absolute position of the reference feature was found to be: RA1950 18 h 50 m 46X s 24^0X s 02Y DecX1950 1811
H 120 X 45^10 X 0X
R E S U LT S A N D D I S C U S S I O N

Molecular structures
Fig. 2 shows total power spectra of the G34.310.2 OH maser in RCP and LCP at 1665 and 1667 MHz. These spectra were taken with the 43-m telescope of NRAO, and are similar to those observed at other epochs (Caswell & Haynes 1983; Garay et al. 1985; Gaume & Mutel 1987) . Table 1 lists the positions of all maser features obtained from our experiment. The average relative positional accuracy of the maser features is about 0.4 mas in the east±west direction and about 1.8 mas for the north±south direction. In Fig. 3 we show the positions of the OH maser features superposed on a 1.3 cm wavelength continuum map (Keto et al. 1992) . The accuracy of the registration of the images is dominated by the uncertainty in the absolute position of the V LSR 58X9 km s 21 reference feature in the 1667-MHz LCP transition of about 0.3 arcsec east±west and 1.0 arcsec north±south. Molecular line observations (Heaton, Little & Bishop 1989; Garay & Rodrõ Âguez 1990; Keto et al. 1992) show a hot, compact molecular core just to the east of the cometary H ii region and between it and components A and B. To relate the location of the massive stars embedded in the region and their surrounding gas, we also superposed in Fig. 3 a contour plot of the NH 3 JY K 3Y 3 line emission, taken by the VLA (Keto et al. 1992) .
The morphology of the ionized, molecular, and masing gas can be summarized as follows.
(1) The OH masers are clustered in four clumps, one near the source H ii B and the other three aligned along an arc near the cometary H ii region G34.310.2C. Masers associated with source H ii B region could be dynamically independent of those in the arc. Our map is similar to that of Gaume & Mutel (1987) . However, our position accuracy is much better because of our higher resolution and we identify more features owing to our finer velocity resolution. (3) We find the NH 3 core offset by an angular distance of 1.9 arcsec from the continuum peak. Keto et al. (1992) presented evidence for on-going, low-mass star formation within the molecular core. The core could be a pre-existing molecular dense clump or a shock compressed region.
(4) The NH 3 core is elongated along approximately a south-east±north-west axis. The slight asymmetrical appearance of the cometary H ii region may be caused by an interaction with this inclined dense core. Specifically, the north side of the molecular cloud appears to be interacting with and possibly impeding the advance of the north side of the cometary H ii region. The H ii components A and B lie at the edge of the dense core, but with no clear sign of interaction among these components.
Velocity structure
Excluding the clump of OH masers associated with the source H ii B, a velocity shift of about 6^2 km s 21 is seen over a change in Dec. of about 5 arcsec (see Fig. 4 ). This corresponds to a gradient of 30^10 km s 21 pc 21 on a scale of 0.09 pc. The sense of velocity shift is the same as that measured in the molecular lines of SO, HC 15 N and OH (Carral & Welch 1992) . The dominant source of H 120 X 45^10 X 0X The slight offset of the position of the reference feature from (0, 0) is caused by averaging the position over its line profile, which is several spectral channels wide.
OH masers in G34.310.2 195 q 2000 RAS, MNRAS 317, 192±198 uncertainty in the velocity gradient is the several km s 21 velocity spread in each clump. This is partially caused by Zeeman splitting.
Dynamical models
Several models have been invoked to explain the cometary morphology of the cometary UC H ii component. Reid & Ho (1985) originally suggested that the cometary morphology might follow from the relative motion of the exciting star encountering molecular material swept up by a large expanding shell of gas associated with the stellar precursor to the W44 supernova. Later detailed bow-shock models were described by Van Buren et al. (1990) and Mac Low et al. (1991) . They assumed that for a cometary UC H ii region the ionized and molecular gas approach each other with a speed of about 10 km s 21 and their interaction forms a molecular bow shock supported by the wind from the ionizing star(s). Alternatively, other authors suggested that the cometary morphology could occur in a`champagne flow' (Tenorio-Tagle 1979; Bedijn & Tenorio-Tagle 1981 and Bodenheimer 1983 ). In this model, a UC H ii region is embedded in a molecular cloud with a large pressure gradient, and the ionized material expands rapidly in the direction of lower pressure. Finally, Gaume, Fey & Claussen (1994) suggest that the structure of the cometary H ii region may be affected by ionized outflows from components G34X3 1 0X2A and B.
The relatively straight appearance of the dense, hot NH 3 emission would appear to be problematic for all of the models. For an interaction between dense molecular gas and the wind or photon flux from the exciting star in the cometary H ii region, one would expect to see molecular material wrapping around the cometary H ii region and/or projected in front of it. The problem of the morphology of the dense molecular material aside, discriminating even between the bow shock and champagne flow is also very difficult, because there is no simple way to determine the motion (expected to be mostly in the plane of the sky) of the UC H ii region with respect to the molecular material.
Although our results cannot critically discriminate among these and other models, they place some useful general constraints on viable models. If the OH masers trace the extent of the thin shell of shock-compressed and heated gas, we can fit maser spots to a model using the analytic solutions provided by Wilkin (1996) . Fitting the masers to a parabolic curve, shown in Fig. 5 , we obtain the stand-off distance about 1.2 arcsec (0.02 pc) between the OH maser shell and the presumed position of the star. This distance corresponds well with the 1.1-arcsec distance between the OH maser clump and the peak in the continuum emission from the cometary H ii region. This suggests that the star (or stars) which provide the ionizing photons for the H ii region, G34.310.2C, lie at the position predicted by the bow-shock model.
The shocked molecular shell outside of the cometary H ii region should be extremely thin in comparison with the stand-off distance, provided the post-shock cooling is efficient. We observe a thickness for the dominant OH maser clump of about 0.075 arcsec 4X3 Â 10 15 cm and a stand-off distance of the OH shell from the star (or approximately the distance between the strongest OH emission from the peak of the continuum emission) of about 1.2 arcsec 6X8 Â 10 16 cmX This implies a ratio of the shell thickness to stand-off distance of roughly 6 per cent. For comparison, Van Buren et al. (1990) provide estimates of roughly 5 Â 10 14 cm for the thickness and 5 Â 10 16 cm for the stand-off distance, for their adopted physical parameters. Since the shell thickness is sensitive to some of the physical parameters (e.g. it scales as the inverse cube of the speed at which the star moves through the molecular material), it is likely that one could easily bring the theory into agreement with the obserations.
Zeeman pairs
The total power spectra presented in Fig. 2 show clear shifts of the LCP emission relative to the RCP emission in both transitions. For the 1667 transition, there appears to be a systematic velocity shift of LCP relative to RCP emission of about 10.3 km s
21
, which would suggest a magnetic field strength of about 21 mG. The strongest features in the 1665 LCP spectrum appear systematically shifted by about 22.2 km s 21 compared with those in the 1665 RCP spectrum. This would correspond to a magnetic field strength of about 14 mG, were the shift attributed to the Zeeman effect. However, detectable LCP features are found shifted to both higher and lower velocities than the RCP features, making Zeeman pair identification impossible in the 1665-MHz total power spectra. See Reid & Silverstein (1990) for a discussion of the uncertainties associated with making Zeeman identifications from total power spectra of OH masers without interferometric maps. Reid & Silverstein (1990) proposed a criterion for the identification of Zeeman pairs that required the RCP and LCP spots to be coincident within 3 Â 10 15 cmY the OH maser clumping scale seen in the source W3(OH) by Reid et al. (1980) . Adopting a slightly less stringent criterion of 5 Â 10 15 cmY in part to allow for increased measurement errors caused by the low declination of G34.310.2, we identify five Zeeman pairs in the G34.310.2C region. Table 2 gives the velocities of the Zeeman pairs and the total magnetic field derived from their differences. We locate only one possible Zeeman pair in our interferometer maps of the 1665-MHz transition, and this pair indicates a magnetic field strength of 25 mG. In the 1667-MHz transition we find four possible Zeeman pairs, with inferred magnetic field strengths varying from 21 to 27 mG. All of the Zeeman pairs identified toward G34.310.2C indicate that the magnetic field is directed towards the hemisphere away from the Earth. This is similar to what is observed in most OH masers in the first quadrant of the Galaxy (Reid & Silverstein 1990 ).
C O N C L U S I O N S
We conducted VLBI observations of the OH maser emission in the two ground-state, main-line, transitions, 1665 and 1667 MHz, in (1) 38 maser spots have been detected toward the H ii region complex G34.310.2. The OH masers are clustered in four clumps. Three of them are aligned along the arc near the cometary H ii region. One clump is associated with the weak H ii region G34.310.2B and could be dynamically independent of those in the arc.
(2) Masers along the arc are situated between an elongated dense molecular core and the ionization front of the cometary UC H ii region G34.310.2C. These OH masers appear to be clumps in the molecular material shocked by the stellar wind from an exciting star, or stars, in the cometary H ii region.
(3) Assuming a parabolic curve for the distribution of masers along the arc, consistent with stellar bow-shock models, the standoff distance of the thin shocked shell from the exciting star is 6X8 Â 10 16 cmX A similar estimate comes from the measured angular distance between the strongest clump of OH masers and the continuum peak in the cometary H ii region. Both are consistent with theoretical estimates.
(4) The measured thickness of the strongest OH maser clump near the vertex of the cometary H ii region is about 6 per cent of the stand-off distance. Bow-shock models favour thinner shocked shells, but might accommodate this thickness for reasonable choices of physical parameters.
(5) A radial velocity gradient of <30^10 km s 21 pc 21 in the north±south direction is detected across the masing region of 0.09 pc in extent.
(6) We identified five Zeeman pairs in the G34.310.2 region. Magnetic field estimates range from 21 to 27 mG, with all field directions pointing in a hemisphere away from the Earth.
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